We present heavy element abundance measurements for 16 DAO white dwarfs, determined from Far-Ultraviolet Spectroscopic Explorer (FUSE) spectra. Evidence of absorption by heavy elements was found in the spectra of all the objects. Measurements were made using models that adopted the temperatures, gravities and helium abundances determined from both optical and FUSE data by Good et al. (2004) . It was found that, when using the values for those parameters measured from optical data, the carbon abundance measurements follow and extend a similar trend of increasing abundance with temperature for DA white dwarfs, discovered by . However, when the FUSE measurements are used the DAO abundances no longer join this trend since the temperatures are higher than the optical measures. Silicon abundances were found to increase with temperature, but no similar trend was identified in the nitrogen, oxygen, iron or nickel abundances, and no dependence on gravity or helium abundances were noted. However, the models were not able to reproduce the observed silicon and iron line strengths satisfactorily in the spectra of half the objects, and the oxygen features of all but three. Despite the different evolutionary paths that the types of DAO white dwarfs are thought to evolve through, their abundances were not found to vary significantly, apart from for the silicon abundances.
INTRODUCTION
DAO white dwarfs, for which the prototype is HZ 34 (Koester, Weidemann, & Schulz 1979; Wesemael et al. 1993) , are characterised by the presence of He II absorption in their optical spectra in addition to the hydrogen Balmer series. Radiative forces cannot support sufficient helium in the line forming region of the white dwarf to reproduce the observed lines (Vennes et al. 1988) , and one explanation for their existence is that they are transitional objects switching between the helium-and hydrogen-rich cooling sequences (Fontaine & Wesemael 1987) . If a small amount ⋆ Email: sag15@le.ac.uk of hydrogen were mixed into an otherwise helium dominated atmosphere, gravitational settling would then create a thin hydrogen layer at the surface of the white dwarf, with the boundary between the hydrogen and helium described by diffusive equilibrium. However, Napiwotzki & Schönberner (1993) found that the line profile of the He II line at 4686Å in the DAO S 216 was better matched by homogeneous composition models, rather than the predicted layered configuration. Subsequently, a spectroscopic investigation by Bergeron et al. (1994) found that the He II line profile of only one out of a total of 14 objects was better reproduced by stratified models. In addition, the line profile of one object (PG 1210+533) could not be reproduced satisfactorily by either set of models.
Most of the DAOs analysed by Bergeron et al. were comc 2004 RAS paratively hot for white dwarfs, but with low gravity, which implies that they have low mass. Therefore, they may have not have been massive enough to ascend the asymptotic giant branch, and instead may have evolved from the extended horizontal branch. Bergeron et al. (1994) suggested that a process such as weak mass loss may be occurring in these stars, which might support the observed quantities of helium in the line forming regions of the DAOs (Unglaub & Bues 1998 . Three of the Bergeron et al. (1994) objects (RE 1016-053, PG 1413+015 and RE 2013+400) had comparatively 'normal' temperatures and gravities, yet helium absorption features were still observed. Each of these are in close binary systems with M dwarf (dM) companions. It may be that as the white dwarf progenitor passes through the common envelope phase, mass is lost, leading to the star being hydrogen poor. Then, a process such as weak mass loss could mix helium into the line forming region of the white dwarf. Alternatively, these DAOs might be accreting from the wind of their companions, as is believed to be the case for another DAO+dM binary, RE 0720-318 (Dobbie et al. 1999) . Knowledge of the effective temperature (T eff ) and surface gravity (g) of a white dwarf is vital to our understanding of its evolutionary status. Values for both these parameters can be found by comparing the profiles of the observed hydrogen Balmer lines to theoretical models. This technique was pioneered by Holberg et al. (1985) and extended to a large sample of white dwarfs by Bergeron, Saffer, & Liebert (1992) . However, for objects in close binary systems, where the white dwarf cannot be spatially resolved, the Balmer line profiles cannot be used as they are frequently contaminated by flux from the secondary (if it is of type K or earlier). Instead, the same technique can be applied to the Lyman lines that are found in far-ultraviolet (far-UV) data, as the white dwarf is much brighter in this wavelength region than the companion (e.g. Barstow et al. 1994 ). However, , and Good et al. (2004) have compared the results of fitting the Balmer and Lyman lines of DA and DAO white dwarfs, and found that above 50 000 K, the T eff measurements begin to diverge. This effect was stronger in some stars; in particular, the Lyman lines of 3 DAOs in the sample of Good et al. (2004) were so weak that the temperature of the best fitting model exceeded 120 000 K, which was the limit of their model grid.
One factor that influences the measurements of temperature and gravity is the treatment of heavy element contaminants in the atmosphere of a white dwarf. Barstow, Hubeny, & Holberg (1998) found that heavy element line blanketing significantly affected the Balmer line profiles in their theoretical models. The result was a decrease in the measured T eff of a white dwarf compared to when a pure hydrogen model was used. In addition, conducted a systematic set of measurements of the abundances of heavy elements in the atmospheres of hot DA white dwarfs, which differ from the DAOs in that no helium is observed. They found that the presence or lack of heavy elements in the photosphere of the white dwarfs largely reflected the predictions of radiative levitation, although the abundances did not match the expected values very well.
We have performed systematic measurements of the heavy element abundances in Far-Ultraviolet Spectroscopic Explorer (FUSE) observations of DAO white dwarfs. The motivation for this work was twofold: firstly, we wish to investigate if the different evolutionary paths suggested for the DAOs are reflected in their heavy element abundances, as compared to the DAs of . Secondly, since T eff and log g measurements from both optical and far-UV data for all the DAOs in our sample have previously been published (Good et al. 2004 ), we investigate Figure 1 . FUSE spectrum of PG 1210+533, produced by combining the spectra from the individual detector segments. * The emission in the core of the Lyman beta H I line is due to terrestrial airglow.
which set of models better reproduces the strengths of the observed lines. The paper is organised as follows: in §2, §3 and §4 we describe the observations, models and data analysis technique used. Then, in §5 the results of the abundance measurements are shown. The ability of the models to reproduce the observations are discussed in §6 and finally the conclusions are presented in §7.
OBSERVATIONS
Far-UV data for all the objects were obtained by the FUSE spectrographs and cover the full Lyman series, apart from Lyman α. Table 1 summarizes the observations, which were downloaded by us from the Multimission Archive (http://archive.stsci.edu/mast.html), hosted by the Space Telescope Science Institute. Overviews of the FUSE mission and in-orbit performance can be found in Moos et al. (2000) and Sahnow et al. (2000) respectively. Full details of our data extraction, calibration and co-addition techniques are published in Good et al. (2004) . In brief, the data are calibrated using the CALFUSE pipeline version 2.0.5 or later, resulting in eight spectra (covering different wavelength segments) per FUSE exposure. The exposures for each segment are then co-added, weighting each according to exposure time, and finally the segments are combined, weighted by their signal-to-noise, to produce a single spectrum. Before each co-addition, the spectra are cross-correlated and shifted to correct for any wavelength drift. Figure 1 shows an example of the output from this process, for PG 1210+533.
MODEL CALCULATIONS
A new grid of stellar model atmospheres was created using the non-local thermodynamic (non-LTE) code TLUSTY (v. 195 ) (Hubeny & Lanz 1995) and its associated spectral synthesis code SYNSPEC (v. 45) , based on the models created by ; as with their models, all calculations were performed in non-LTE with full line-blanketing, and with a treatment of Stark broadening in the structure calculation. Grid points with varying abundances were calculated for 8 different temperatures between 40 000 and 120 000 K, in 10 000 K steps, 4 different values of log g: between -5 and -1, in steps of 1. Therefore, the grid encompassed the full range of the stellar parameters determined for the DAOs by Good et al. (2004) . Models were calculated for a range of heavy element abundances, which were factors of 10 −1 to 10 1.5 times the values found for the well studied white dwarf G 191-B2B in an earlier analysis ) (C/H = 4.0 × 10 −7 , N/H = 1.6 × 10 −7 , O/H = 9.6 × 10 −7 , Si/H = 3.0 × 10 −7 , Fe/H = 1.0 × 10 −5 and Ni/H = 5.0 × 10 −7 ), with each point a factor of 10 0.5 different from the adjacent point. Above this value it was found that the TLUSTY models did not converge. Since, even with these abundances, the observed strengths of some lines could not be reproduced, the range was further extended upwards by a factor of 10, using SYNSPEC. However, as scaling abundances in this way is only valid if it can be assumed that the structure of the white dwarf atmosphere will not be significantly affected by the change, abundance values this high should be treated with caution.
Molecular hydrogen is observed in the spectra of some the objects. For those stars, the templates of McCandliss (2003) were used with the measurements of Good et al. (2004) to create appropriate molecular hydrogen absorption spectra.
DATA ANALYSIS
The measurements of heavy element abundances were performed using the spectral fitting program XSPEC (Arnaud 1996) , which adopts a χ 2 minimisation techique to determine the set of model parameters that best matches a data set. As the full grid of synthetic spectra was large, it was split into 4 smaller grids, one for each value of log g. The FUSE spectrum for each white dwarf was split into sections, each containing absorption lines due to a single element. Table 2 lists the wavelength ranges used and the main species in those regions. Where absorption due to another element could not be avoided, the affected region was set to be ignored by the fitting process. The appropriate model grid for the object's log g was selected, from the measurements of Good et al. (2004) , and the T eff and helium abundance were constrained to fall within the 1σ limits from the same measurements, but were allowed to vary freely within those ranges. For those stars whose spectra exhibit molecular hydrogen absorption, the molecular hydrogen model created for that object was also included. Then, the model abundance that best matched the absorption features in the real data was found, and 3σ errors calculated from the ∆χ 2 distribution. Where an element was not detected, the 3σ upper bound was calculated instead. This analysis was repeated separately for the parameters determined by Good et al. (2004) from both optical and FUSE data -these parameters are listed in Table 3 . Table 3 . Mean best fitting parameters obtained from optical and FUSE data, from Good et al. (2004) . Log He H is not listed for the optical data of PG 1210+533 as it is seen to vary between observations. 1σ confidence intervals are given, apart from where the temperature or gravity of the object is beyond the range of the model grid and hence a χ 2 minimum has not been reached. Where a parameter is beyond the range of the model grid, the value is written in italics. The final columns show the total molecular hydrogen column density for each star, where it was detected, and the measured interstellar extinction, also from Good et al. (2004) . 
RESULTS
The results of the analysis are listed in Table 4 , and a summary of which lines were detected in each spectrum is shown in Table 5 . Heavy elements were detected in all objects studied. Carbon and nitrogen were identified in all objects, although the strength of the lines could not be reproduced with the abundances included in the models in some cases. Figure 2 shows an example of a fit to the carbon lines in the spectrum of LB 2, where the model successfully reproduced the strength of the lines in the real data. However, when a fit to the carbon lines in the spectrum of HS 0505+0112 was attempted, it was found that, when the values of temperature, gravity and helium abundance determined from FUSE data were used, the line strengths predicted by the model were far too weak compared to what is observed ( Figure 3 ). Oxygen lines were found to be, in general, particularly difficult to fit, with no abundance measurement recorded in a number of cases because the reproduction of the lines was so poor. An example of a poor fit is shown in Figure 4 . Silicon was also detected in all the spectra, but not iron. Nickel abundances were very poorly constrained, with many non-detections, although the error margins spanned the entire abundance range of the model grid in three cases. The sample of DAOs and the sample of DAs of contain one object in common: PN DeHt 5. Although this white dwarf does not have an observable helium line in its optical spectrum, it is included within the sample of DAOs because detected helium within the Hubble Space Telescope (HST) Space Telescope Imaging Spectrometer (STIS) spectrum of the object. This presents an opportunity to compare the results of this work with the abundances measured by to confirm the consistency of the measurements made in the different wavebands; this comparison is shown in Figure 5 , and demonstrates that agreement between the sets of results is within errors. However, uncertainties in the measurements are large, particularly for nitrogen measured in this work.
The abundances measured with the models that use the FUSE and optical measurements of temperature, gravity and helium abundance can also be compared from the results of this work. Chang- ing the parameters of the model will affect its temperature structure and ionisation balance, and therefore the abundances measured may also change. The carbon, nitrogen, silicon and iron abundances measured using the FUSE derived parameters are compared to those measured using the optically derived parameters in Figure  6 . Oxygen abundances are not shown due to the poor quality of the fits, while many of the nickel abundances are poorly constrained and hence are also not shown. The abundances that were measured with models that used the FUSE parameters are generally higher than those that used the optical parameters by a factor of between 1 and 10. In some cases the factor is higher, for example it is 30 for the silicon measurements for HS 1136+6646. However, a satisfactory fit to those lines was not achieved (χ Table 4 . Measurements of abundances, with all values expressed as a number fraction with respect to hydrogen, and their 3σ confidence intervals. Where the abundance value or the upper confidence boundary exceeded the highest abundance of the model grid, an ∞ symbol is used. Where an abundance or a lower error boundary is below the lowest abundance in the model grid, 0 is placed in the table; if this occurs for the abundance, the value in the +3σ column is an upper limit on the abundance. In the dances may be unreliable. In contrast, the fits to the nitrogen lines in the spectrum of A 7 were satisfactory, yet the abundance measure that used the FUSE parameters was higher than the measure with optical parameters by a factor of 81, although the error bars are large. Overall, however, the abundance measures that utilise the different parameters appear to correlate with each other. In the following we describe the abundance measurements for each element in turn, compare them to the DA measurements made by and discuss them with reference to the radiative levitation predictions of Chayer, Fontaine, & Wesemael (1995) , and the mass loss calculations of Unglaub & Bues (2000) . Figure 7 shows the measured carbon abundances against T eff from fits to the carbon absorption features in the FUSE data. Abundances obtained when the model T eff , log g and helium abundance were set to the values found by Good et al. (2004) from fits to both optical and FUSE spectra are shown. In the following, these will be referred to as 'optical abundances' and 'FUSE abundances' respectively. Shown for comparison are the measurements made by for DAs. For clarity, only the result of their fits to the C IV lines are plotted. The plot shows that the carbon abundances of the DAOs fall within the range 10 −6 to 10
Carbon abundances
that of hydrogen, in general higher than those for the DAs. The only abundance below 10 −6 belongs to PN DeHt 5, which, apart from the discovery of helium in its HST spectrum by , would not be classed as a DAO in this work. The other DAO white dwarfs whose temperatures are similar to those of the DAs have marginally higher abundances than the latter. These DAOs comprise the white dwarf plus main sequence star binaries, the unusual white dwarf PG 1210+533, and optical abundances of Table 5 . Summary of which lines were observed to be present when performing the abundance fits. H 2 denotes where lines were obscured by molecular hydrogen absorption.
stars whose T eff , as measured from FUSE data, were extreme (see Good et al. 2004 ). However, the highest abundance measured was for HS 0505+0112, which is also one of the extreme FUSE T eff objects, for which the FUSE abundance and the upper limit of the optical abundance exceeded the upper limit of the model grid.
The predictions of Chayer, Fontaine, & Wesemael (1995) suggest that above ∼40 000 K, carbon abundances should have little dependence on temperature, but should increase with decreasing gravity. Taking the optical abundances together with the DA abundances, it might be argued that they form a trend of increasing temperature with gravity, extending to ∼80 000 K. Since the measurements of T eff from FUSE were higher than those from optical data, the FUSE abundances are more spread out towards the higher temperatures than the optical abundances. The FUSE abundances do not show any trend with temperature, although the lower temperature objects and three others do have slightly lower abundances than the remainder; if the latter objects (Feige 55, HZ 34 and PN A 39) had high log g, this might explain their low carbon abundances, but this does not seem to be the case. Overall, no carbon abundance was greater than ∼10 −4 that of hydrogen, which is quite close to the maximum abundance predicted by Chayer, Fontaine, & Wesemael (1995) , illustrated in Figure 7 by the dashed line. However the carbon abundances decrease below ∼80 000 K, contrary to their predictions. Unglaub & Bues (2000) predict a surface abundance of carbon of between 10 −3 and 10 −4 times the number of heavy particles in their simulation. Their calculations end at their wind limit, when the wind is expected to cease, at approximately 90 000 K. After this point, Unglaub & Bues (2000) expect the abundances to fall to the values expected when there is equilibrium between gravitational settling and radiative acceleration. When using an alternative prescription for mass loss, which does not have a wind limit, the drop off occurs at lower temperature, at approximately 80 000 K. This is similar to what is observed, although the abundance measurements are a factor ∼10 smaller than predicted.
The dependence of carbon abundance on gravity is shown in Figure 8 . Good et al. (2004) found no systematic differences between log g measured from optical and FUSE data, hence there is no separation between the optical and FUSE abundances, as seen in Figure 7 . No trend between log g and carbon abundance is evident, in contrast to what might be expected from the results of Chayer, Fontaine, & Wesemael (1995) . Figure 9 shows the relationship between carbon and helium abundance. As with Figure Figure 3 . The C IV lines observed in the spectrum of HS 0505+0112 (grey histogram), overlaid with the best fitting model (black line). The temperature, gravity and helium abundance of the model were those measured from FUSE data. The heavy element abundance of the model is the maximum possible for the model grid used in the fit, yet the predicted lines are much weaker than those observed. 8, no trend is evident. Four of the points are separated from the rest because of their low helium abundance measured from optical data; this is discussed in Good et al. (2004) and does not appear to be reflected in the carbon abundance. Figure 10 shows the nitrogen abundance measurements, plotted against effective temperature. A number of the abundances are relatively poorly constrained, and exceed the upper bound of the model grid. In contrast, the lower 3σ error bounds for PN A 31 and PN DeHt 5 both reach below the lowest abundance in the model and this work. Note that obtained abundances for C III and C IV separately. These are both compared to the carbon abundance determined in this work from fits to C IV lines. grid, with, in the latter case, the error bounds extending across the whole range of the model grid. There is no obvious trend between T eff and either the optical or FUSE abundances, in contrast to the predictions of Chayer, Fontaine, & Wesemael (1995) and Unglaub & Bues (2000) , although the abundances are close to those predicted from radiative levitation theory. None of the lower temperature DAOs have the comparatively high abundances found for three of the DAs of . As with carbon, the DAO nitrogen abundances are often higher than those of the DAs. However, the lower temperature DAOs do not, in general, have nitrogen abundances different from the higher temperature objects, despite the possible differences in their evolutionary paths. RE 0720-318 has a nitrogen abundance similar to the DAs, for DA white dwarfs (crosses). The dashed arrows mark the 3σ upper abundance limit for the DAs, where carbon was not detected. The approximate position of the abundances predicted by Chayer, Fontaine, & Wesemael (1995) for a DA white dwarf with a log g of 7.0 is shown as a dashed line.
Nitrogen abundances
and less than most of the DAOs, according to the abundances determinations using both the optical and FUSE parameters. Three other objects (PN A 7, HS 0505+0112 and PN A 31) have comparatively low abundances when the optically determined parameters were used. However, this was not the case when the FUSE parameters were used.
In Figures 11 and 12 , nitrogen abundances are plotted against log g and log He H . As for carbon, no trend with gravity or helium abundance is evident.
Oxygen abundances
All the DAOs were found to have evidence of oxygen absorption in their spectra. This absorption is believed to originate in the white dwarf as the radial velocity of the lines are not consistent with those of interstellar absorption features. The DAO oxygen abundances, shown in Figure 13 against T eff , are very similar to those of the DAs and show no obvious dependence on temperature. Again, the lower temperature DAOs do not appear to have abundances different from the higher temperature objects. However, the reproduction of the observed oxygen lines by the models was very poor, with the problem affecting both high and low temperature DAOs. For only three objects, RE 0720-318, PG 1210+533 and PN DeHt 5, was a fit with an acceptable value of χ 2 red (< 2) achieved. In general the lines predicted by the models were too weak compared to the observed lines. In four cases an abundance was not even recorded for either optical or FUSE abundances, and in one case (GD 561) for the FUSE abundance alone, due to the disagreement between the model and data (see, for example, Figure 4) . The poor quality of the fits means that the results are probably not reliable, and we do not show plots of abundance against gravity or helium abundance. Figure 14 shows the measured silicon abundances against T eff . The optical abundances, when considered along with the DA abundances, appear to show an increase with temperature. The FUSE abundances also show a slight increase with temperature, with the maximum abundance observed ∼10 −4 that of hydrogen. The calculations of Chayer, Fontaine, & Wesemael (1995) predict a minimum at 70 000 K, which is not observed here, although did note an apparent minimum at ∼40 000 K in the DA abundances. However, as with the oxygen measure- ments, the fits were often poor and in approximately half the cases χ 2 red < 2 was not achieved. The abundance measurements for HS 1136+6646 are lower than for the other DAOs. This is one of the objects for which satisfactory fits were not achieved; it is also one of the DAOs with extreme T eff , as measured from FUSE data. In Figure 15 , we plot the silicon abundances against log g. Similarly, Figure 16 shows the relationship between heavy element abundances and helium abundances. In neither are any strong trends evident.
Silicon abundances

Iron abundances
Fits to the iron lines were unsatifactory for, again, approximately half the objects. Apart from three, these were the same objects for which the fits to the silicon lines were also poor. Included in these are the three objects with extreme FUSE-measured T eff , and also PG 1210+533, which has a temperature and gravity that would be considered normal for a DA white dwarf. Iron was not predicted in the spectrum of RE 2013+400, nor that of HS 1136+6646 when the FUSE-derived values of T eff , log g and helium abundance were used. The lower error boundary reached beyond the lowest abundance in the model grid in eleven cases. Figure 17 illustrates the relationship between iron abundance and T eff . This demonstrates that the optical and FUSE abundances measured for iron are similar to those measured in the DAs, where iron was detected at all. There is no strong indication of an increase in the abundances with temperature as might be expected from radiative levitation theory. However, the measured abundances are quite close to the predictions. No strong differences between the iron abundances of lower and higher temperature DAOs is evident. Similarly, Figure 18 shows no increase in abundance with decreasing gravity as might also be expected. Finally, there are also no trends evident in the plot of iron abundances against helium abundances (Figure 19 ). 
Nickel abundances
The nickel lines in the FUSE wavelength range that were used for abundance measurements were weak, hence the results were poorly constrained. There were a number of non-detections, and the lower bounds for all but three of the measurements were below the range of the model grid. In addition, three had upper bounds above the highest abundance in the grid and thus their error bars span the entire range of the models. In no cases was the measured abundance above log Ni H > −4, and no trends are evident. found the ratio between the iron and nickel abundances for the DAs to be approximately constant, at the solar value of ∼20, rather than the prediction of Chayer et al. (1994) of close to unity. For the DAOs, approximately half have Fe/Ni ratio between 1 and 20, and all but two of the remainder have ratios greater than 20. However these ratios are very poorly constrained by the fits to FUSE data, thus preventing definite conclusions about the iron/nickel ratio in DAO white dwarfs.
Iron/nickel ratio
DISCUSSION
The investigation of heavy element abundances in DAO white dwarfs has provided an opportunity to investigate the ability of our homogeneous models to reproduce the observed lines, when temperatures derived from optical and FUSE data were used. These are observed to differ greatly in some cases; Table 6 lists those objects for which temperature disagreements were noted by Good et al. (2004) .
In §5, it was found that when the FUSE values of temperature, gravity and helium abundance were used, the abundances tended to be between a factor 1 and 10 greater than those where the opti- Table 4 shows that abundances of heavy elements, or their upper limits, exceeded the quantities within the model grid more often in the FUSE results, for example for the carbon measurement of HS 0505+0112, which is one of the extreme temperature objects. Satisfactory fits (χ 2 red < 2) were achieved in approximately equal number when the two sets of parameters were used. Figure 20 shows examples of fits to the spectra of objects where the optical and FUSE temperatures agree closely. As might be expected, little difference is seen between the ability of the models that use the optical and FUSE parameters to reproduce the data. For the objects where there are differences between the optical and FUSE temperatures (Figure 21 ), large differences are seen between the reproduction of the oxygen lines. The models that use the comparatively high FUSE temperatures do not have strong O IV lines. However, the models that use the optical temperatures are able to reproduce the lines. The O VI lines are not well reproduced by the models, except in a few cases, for example GD 561. In contrast, the iron lines tend to be better reproduced by the models that use the FUSE data, as the lines predicted by the model with optical parameters are too weak. In addition, Figure 22 compares the strengths of N III and N IV lines in the spectrum of LB 2 when the optical and FUSE parameters were adopted. Although in neither case was the N III line well reproduced, the model that uses the FUSE parameters is closer to what is observed. Figure 23 show example fits for the objects where the FUSE measure of temperature exceeded 120 000 K. Due to the extreme temperature, the C IV, N IV and O IV lines are predicted to be too weak by the models that use the FUSE temperature. However, when looking in detail at the nitrogen lines in the spectrum of HS 1136+6646 (Figure 24) , it is evident that neither model is able to reproduce the lines, with the N III line in the model that uses the optical parameters too strong, and the N IV lines in the FUSE parameters model too weak.
It is therefore evident that the models that use the optical parameter better reproduce the oxygen features than models that use the FUSE data, while the reverse is true for other lines such as nitrogen and iron. These differences between the models and data could be caused by a number of effects. It is not known if either the optical or FUSE stellar parameters are correct. Therefore, if both are wrong the ability of the models to reproduce the data might be influenced by the use of the incorrect parameters. However, this points to the underlying problem of why the optical and FUSE parameters are different, and if this problem could also affect the strength of the lines in the models. A possibility for the cause of these differences is the assumption of chemical homogeneity in the models. Evidence of stratification of heavy elements in white dwarf atmospheres have been found by other authors (e.g. Barstow, Hubeny, & Holberg 1999) , and this can have a strong affect on the predicted line strengths. For example O VI lines, which do not appear in homogeneous models below ∼50 000 K, can be prominent at lower temperatures when a stratified model is used (Chayer et al. 2003) . With the development of stratified models (e.g. Schuh, Dreizler, & Wolff 2002) , these differences might be resolved, although the assumptions made within those particular models are probably not appropriate to DAO white dwarfs, because of the processes such as mass loss that are thought to be occurring.
A further cause of discrepancies between the data and models may be due to the limitations of the fitting process. During the fitting procedure, the abundance of all the elements are varied by the same factor. Therefore, the abundance of one element is measured with a model that contains the same relative abundance of all the other elements, even if those elements are not present in that particular object, or are present in different amounts. This may alter the temperature structure of the model, changing the line strengths. Ideally, models would be calculated for a range of abundances of every element and a simultaneous fit of all the absorption lines performed. Such an approach may be possible in the future with increases in computing power.
In conclusion, there is disagreement between the predictions of the homogeneous models used in this work and the observed c 2004 RAS, MNRAS 000, 1-15
Heavy element abundances in DAOs 13 line strengths of different ionisation states when both the optical and FUSE stellar parameters are used. Therefore, it is not possible to draw strong conclusions from these results to say which of the optical and FUSE measurements of T eff are more likely to be correct. by Chayer, Fontaine, & Wesemael (1995) . The FUSE determined abundances do not follow this trend due to the higher temperatures determined from FUSE data. These abundance measurements do not increase with temperature, with no carbon abundance exceeding 10 −4 that of hydrogen, which is close to the prediction of Chayer, Fontaine, & Wesemael (1995) . The nitrogen abundances were poorly constrained for a number of the objects, and there was no obvious trend with temperature. Although oxygen lines were identified in all the spectra, fits to those lines were, in general, very poor, making the abundances unreliable. Silicon abundances were found to increase with temperature up to a maximum of ∼10 −4 that of hydrogen, and do not show a minimum at 70 000 K, as predicted by Chayer, Fontaine, & Wesemael (1995) . However, approximately half the fits were of poor quality, as defined by χ 2 red >2. Iron abundances were similar to those measured for DAs by and no trend with temperature was seen. As with silicon, approximately half the fits were poor quality. Nickel abundances were poorly constrained with a number of non-detections, and no trends with temperature were evident. For none of the elements were trends with gravity or helium abundance found.
In general, it was found that the abundances measurements that used the parameters determined from FUSE data were higher than those that used the optically derived parameters by factors between 1-10. Satisfactory fits were achieved in approximately equal number for the optical and FUSE abundance measurements. The ability of the models to reproduce the observed line strengths was slightly better for the models that used the optically derived T eff , log g and log He H for oxygen and for the carbon, nitrogen and oxygen lines of those objects with FUSE temperature greater than 120 000 K. However, the reverse is true for the iron lines. For the example of the relative strength of N III and N IV lines in the spectrum of one of the objects for which the optical and FUSE temperatures differ, the model with the FUSE temperature was better. However, for one of the objects with extreme FUSE temperatures, neither model was successful at reproducing the lines. The failure of the models to reproduce the line strengths might be caused by the assumption of chemical homogeneity. The use of stratified models, such as those developed by Schuh, Dreizler, & Wolff (2002) might help to resolve the discrepancies. In addition, the inability of the models to reproduce the lines might be influenced by the fitting technique used, in which the abundance of all elements were varied together. In the ideal case, the abundance of all elements would be measured simultaneously.
Overall, none of the measured abundances exeeded the expected levels significantly, except for silicon. For none of the elements, except silicon, were the abundances for the lower temperature DAOs significantly different to those for the hotter stars, despite the different evolutionary paths through which they are thought to evolve. The abundances were also not markedly different from the abundance measurements for the DAs, apart from what might be explained by the higher temperatures.
